Luminescence of anthracene molecules in single crystal matrices
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Investigation of optical properties of aromatic microcrystallites embedded in poly(methylmethacrylate) (PMMA) have revealed interesting phenomena related to size confinement of Frenkel excitons, such as size dependence of exciton band width[1] and missing of self-trapped excitons.[2]  For microcrystallites consisting of  small number of molecules, appreciable energy gaps in the lowest excitation level (0-0) are expected between crystallites consisting of n and n+1 molecules.  However, expected gaps have not been observed in microcrystallites in PMMA.  It is considered to be obscured by distribution in the 0-0 energy of microcrystallites of the same size due to inhomogeneous environment.  In this study, to achieve uniform environment, single crystals of fluorene and phenanthrene were chosen as matrices.  

Single crystals of fluorene and phenanthrene with various concentration of anthracene were grown by a vacuum sublimation method and luminescence from anthracene was measured at 7K.  For fluorene with low concentration, sharp structures attributed to isolated anthracene molecules were observed.  The width of 0-0 energy distribution was as small as about 10cm-1.  As the concentration is increased, a hump (indicated by dot in the figure) appeared at the low energy side of isolated molecular spectrum.  The energy shift of about 100cm-1 is comparable with the energy gap of 75cm-1 expected between the lowest excitation level of single anthracence molecule and that of two anthracene molecules with one-dimensional energy-transfer model[3].  Thus, the hump is considered to be due to sites where two anthracene molecules occupy adjacent lattice positions.  Results of concentration dependence for phenanthrene were similar to those for fluorene.  
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	Figure 1:  Luminescence spectra of anthracene in fluorene single crystals at 7K under 0-0 excitation at 26000cm-1.  Sharp peaks at lower energies are intra molecular phonon structures. 
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